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Unit 3 Polymorphism 
Unit 3.4 Concept of Friend Function 


The private data members of the class cannot be accessed from outside the class. That means functions of other class 
cannot access the private members of a class. 


In some situation when we would like two class to share a particular function, we can make a function as a friend. 


C++ allows common function to be made friendly with both the classes and allowing the function to have access 
private data members of these classes. + 


This function is defined anywhere in the program outside the class like a normal function definition. 
To create a function as friend, we have to use friend keyword in function declaration. XN 
The function definition does not use either keyword “friend” or “::” scope resolution operator. & 
The function can be declared as a friend in any number of classes. 


A friend function is not a member function of class but still it has full access to the private niẹmbers@f class. 


Syntax: 
Class test e 
i Q) 


Private: 


Public: 
Friend void xyz(); 
j}; 
Characteristics of friend function 
It is not in the scope of class in whi S eclared as a friend. 
Since it is not in the scope of the c not be called using the object of that class. 


on without the help of any object 
ember name directly, but has to use an object name and dot (.) operator 


It can be invoked (call) like 
Unlike member functions, 
with each member na 
e It can be declared in ei 
e Usually, it has a 


Example: 


#include<ios > 


#include<conio.h 


Class B; 


Void getx (int i); 

Friend void max (A al, B b1); 
j; 
Void A::getx(int i) 
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{ 
X=1; 
} 
Class B 
{ 
Int y; 
Public: 3 
Void gety(int j); XN 
Friend void max (A al, B b1); } 
ie 


Void B::gety(int j) 


{ 
y=}; N & 
: © 


Void max (A al, B b1) 


{ 
If al.x>=bl,y 
Cout<<al.x 
Else 
Cout<<bl.y 
} 
Int main() 
{ 
Aa; 
Bb; 
a.getx(10); 
b.gety(20); 
max(a,b) 
getch()$ 


ampl® person at the same time can have different characteristics. Like a man at the same time can be a father, a 
and, an employee. So, the same person possesses different behavior in different situations. This is called 
Polymorphism. Polymorphism is considered one of the important features of Object-Oriented Programming. 
Polymorphism in C++ is a concept by which we can perform a single action in different ways. 
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In C++ Polymorphism is mainly divided in two parts: XN 


1. Compile time Polymorphism & 
2. Run time Polymorphism 


Unit 3.2 Compile time and Run time Polymorphism 
Unit 3.3 Overloading and overriding: concept, difference and application 


Compile time Polymorphism 


e overloaded functions 
nts. This information is 
e polymorphism. 


This type of Polymorphism is achieved by function overloading and operator o; 
are selected for invoking by matching both, the type of argument and number 
known to the compiler at compile time itself. This is called static bindin 


Function Overloading 


O his means that we can use the same 


2 ifferent task. This is known as Function 
e n Q 


Function Overloading refers to the use of same thing for differe 
function name to create multiple functions which performs a va 
Overloading. So, when there are multiple functions with th put different parameters then these functions 
are said to be overloaded. Functions can be overloaded b; mber of argument and/or change in type of 
arguments. The function would perform different a epending on the argument list in the function call. 


For example, 
int add(int a, int b); \\ Prototype 1 

int add(int a, int b, int c) \\ Prototype 2 
double add(double x, double y) \\ Pr e 
int add(int p, double q) \\ Proto 

double add(double p, int q) \\ type 
How to call function? 

cout<<add(5,10); \ 
cout<<add(5,1 


cout<<add@ 


5.10.) ; \ Prototype 2 


class sample 


{ 


public: 
int add(int a, int b) 
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{ 
Return a+b; 
} 
Double add(int a, double b) 
{ 
Return a+b; 


} 
Double add(double a, int b) XN 


+ 


Return a+b; 


} 
Double add(double a, double b) 
{ 
+ 
Return a+b; A 
} 


Int main() 

{ 
Sample s1; 
Cout<<s1.add(10,20)<<’"\n”; 
Cout<<s1.add(40,12.6)<<"\n”; 
Cout<<s1.add(12.4,60)<<"\n”; 
Cout<<s1.add(10.5,20.5)<<"\n”; 

} 


Operator Overloading 


defined type (class) with the same syntax that is applied to the basic 
ability to provide an operator with special meaning for a data type. The 


Defining Opegato 


To define an ad nal task to an operator we have to create a special function called Operator Function. 


Syntax: 
Return.tyf ame :: operator op (arg_list) 


\\ function body; 


} 
In the above syntax return_type is the type of value return_type. 


Specified operation ‘op’ is an operator being overloaded. The ‘op’ is preceded by keyword “operator”. Operator ‘op’ 
is the function name. 
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Operator function must be either member function or friend function. The basic difference between friend function 
and member function is that a friend function will have only one argument for unary operator and two arguments for 
binary operator. 


Whereas, in member function, no argument for unary operator and only one argument for binary operator. 


The reason is that the object used to invoke the member function is passed implicitly, and therefore available for 
member function. 


This is not the case with the friend function. 


In operator function argument may be passed either by value or by reference. 


Steps for the process of operator overloading 


1. Create class (that is used in operator overloading) 

2. Declare operator function in public section of class (operator function either member funct 
function) 

3. Define operator function to implement the required operation. 


Unary Operator Overloading 


In the definition of overloading a Unary operator using member function it requires ax we and using friend 


function it requires one argument. Following program shows how the unary mi e isOverloaded using 
member function. Z 


#include<iostream.h> 
#include<conio.h> 


Class space 


{ 
Int x,y,z; 
Public: 
Void getdata(int a, int b, int c) 
{ 
X=a; 
y=b; 
Z=C; 
} 
Void wwe, 
{ 
t << “Walue of x “<<x; 
u “value of y “<<y; 
QO: << “value of z “<<z; 
Void operator — (); 
} 
Void space :: operator — () 
{ x=-X; 
y=y; 


Z=-Z; 
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} 
Int main() 


{ 
Space s1; 
sl.getdata(10,20,30); 


cout<<”values of object s1=”; 


sl.displayQ; + 
-s1; XN 
cout<<” After overloading”; + 
sl.display0; 
getchQ); 
return 0; 
© 
Unary operator overloading using friend function 
When we are overloading Unary operator using friend function, we are passin ments using pass by reference. 
If we pass the argument by value, it will not work because only ac objeet is passed to the operator function. 


Therefore, the changes made inside the operator function will not refle@tin the Called function. 
#include<iostream.h> 
#include<conio.h> 


Class space 


{ 
Int x,y,z; 
Public: 
Void getdata(int a, int b, int c 
{ 
x=a; 
y=b; 
Z=C; 
} 
Voiddi voi 
{ 
ut << “value of x “<<x; 
Cout << “value of y “<<y; 
Cout << “value of z “<<z; 
} 
Friend void operator — (space &s1); 
}; 


Void operator — (space &s1) 


{ S1.X=-x; 


Unit 3: Polymorphism 


sl.y=-y; 
s1.z=-z; 
} 
Int main() 
{ 
Space s; 
s.getdata(10,20,30); 
cout<<”values of object s=”; 
s.displayQ; 
-s; 
cout<<”After overloading”; 
s.display(); 
getchQ); 
return 0; 
} 
Write a program to overload increment prefix and postfix using me un 
#include<iostream.h> 
#include<conio.h> 


Class counter 


{ 
Int x; 
Public: 
Void getdata (int a); 
Void display(); 
Void operator ++(void); 
Void operator ++ (int); 
} 


Void counter: :getd 


X=++X; 
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Void counter::operator ++(int) 


{ 
X=X++; 
} 
Int main() 
{ 
Counter cl; + 
cl.getdata(10); XN 
cout<<”value of object c1”; + 
cl.displayQ; 
++c1; 
cl.displayQ; 
cl+4; 
+ 
cl.displayQ; 
getch(); 
return 0; 
} 


Write a program to overload increment prefix and postfix using B ctfon. 
#include<iostream.h> 
#include<conio.h> 


Class counter 


{ 
Int x; 
Public: 
Void getdata (int a); 
Void displayQ); 
friend Void operator oumter &c1); 
friend Voi counter &c1, int); 
} 
Void coun 
{ 


id coŭnter::display() 
Cout<<”value of x=”<<x; 
} 


Void operator ++(counter &c1) 


{ 
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cl.x=++c 1.x; 


} 
Void counter::operator ++( counter &c1,int) 
{ 
cl,x=cl.x++; 
+ 
Int main() 
| XN 
Counter c; + 
c.getdata( 10); 
cout<<”value of object c”; 
c.display(); 
++c; 
c.display(); N 4 
: Q 
c.display(); 
getch(); 
return 0; 
} 


Binary operator + overloading using member fi io 
#include<iostream.h> 
#include<conio.h> 


Class complex 


{ 
Int x,y; 
Public: 
Complex() 
{ 


Void display() 
{ 


Cout<<’’value of x”<<x; 


Cout<<”value of y”<<y; 
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} 
Complex operator +(complex c); 
j; 
Complex complex::operator+(complex c) 
{ 
Complex temp; 
Temp.x = X + C.X; + 
Temp.y = y + c.y; XN 
Return temp; + 
} 
Int main() 
{ 
Complex c1(5,10), c2(15,20),c3; 
c3 =cl+c2; \\ call operator function using object cl + 
cout<<’cl=”; Q) 
cl.displayQ; 
cout<<”c2=”; 
c2.display(); 
cout<<”c3=”; 
c3.display(); 
getchQ); 
return 0; 
} 
How the overloaded binary function å 
A member function can be invo object of the same class. 
c3 = c1 + c2; 
In the above statement obyec i ed (call) the operator function and object c2 is passed as argument to the 
function. 


The above sta’ 


c3 = cl.oper, 


f 


le in overloading of binary operator, the left hand operand (variable) is used to invoke the operator function and 
right hand operand is passed as an argument. 


Binary operator + overloading using friend function 
#include<iostream.h> 


#include<conio.h> 
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Class complex 


{ 
float x,y; 
Public: 
Complex() 
{ 
} 
Complex(float a, float b) 
{ 
X=a; 
y=b; 
} 
Void displayQ N + 
{ 
Cout<<’’value of x”<<x; Q) 
Cout<<”value of y”<<y; 
} 
Friend Complex operator +(complex &c1, complex &c 
}; 
Complex operator+( complex &c1, complex &c2) 
{ 
Complex temp; 
Temp.x =cl.x + 2.x; 
Temp.y =cl.y +c2.y; 
Return temp; 
} 
Int main() 
{ 


Comp 1(10°S),.c2(20,30),c3; 


cout<<"c2=”; 
2.display(); 


cout<<”c3=”; 


c3.display(); 
getch(); 


return 0; 
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} 


Where to use friend function rather than member function? 


When we need to use two different type of operands for binary operator. i.e one is object and other one is built in data 
type. 


For example, 
A=B+2; 

Where A and B are objects of the same class. This will work for the member function, but the statement ® 
A=2+B; 


Will not work for member function. 


The reason is the left-hand operand is responsible for invoking (call) the member function (operato 


Both the above statement will work for the friend function. This is because objects are not u 
function. 


Create a class string, and overload + operator for concatenating the string and <= @perator for ing the string. 
#include<stdio.h> e 
#include<conio.h> 
#include<string.h> 
Class str 
{ 
Char *name; 
Int length; 
Public: 
StrO 
{ 
Length = 0; 
name = new_char[l¢ngt ; 


} 
Str(char *s) 


š 


_char[length+1]; 


ame,s); 


d void show (str &x); 
riend str operator + (str &s1, str &s2); 
friend int operator <= (str &s1, str &s2); 
j; 
Void show(str &x) \\ void str::show(str &x) 
{ 


Cout<<”name”<<x.name; 
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} 

str operator + (str &s1, str &s2); 

{ 
Str s3; 
s3.length = s1.length + s2.length; 
s3.name = newchar[length+1]; 
Strcy(s3.name,s1.name); + 
Strcat(s3.name,s2.name); XN 
Return s3; + 

} 


Int operator <= (str &s1, str &s2) 


{ 
Int m,n; 
m = strlen(sl.name); N ? 
n = strlen(s2.name); Q) 
if (m<=n) 
Return m; 
Else 
Return n; 
} 
Int main() 
{ 
Str sl (“hello”), s2(“C++”); 
Str s3; 
S3 = s1 + s2; 
Show(s1); 
Show(s2); 
Show(s3); 
If sl<= 


Geteh(); 


eturn 0; 


} 


Create a class with two data members and overload insertion and extraction operators. 
#include<stdio.h> 


#include<conio.h> 
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Class sample 


{ 
Int x,y; 
Public: 
Sample() 
{ 
x=y=0; 
} 
Sample(int a, int b) 
{ 
x=a; 
y=b; 
© 
Friend istream & operator >> (istream & din, sample & s); 
Friend ostream & operator << (ostream & dout, sample & s); 
J 
istream & operator >> (istream & din, sample & s) 
{ 
din>>s.x; 
din>>s.y; 
} 
ostream & operator << (ostream & dout, sa 
{ 
dout<<”the answer is”; 
dout<<s.x; 
dout<<s.y; 
} 
Int main() 
{ 
getch(); 
eturn 0; 
} 


Rules for Operator Overloading 


e Only existing operators can be overloaded. New operators cannot be overloaded. 
e The overloaded operator must have at least one operand that is of used defined data type. 
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e We cannot change the basic meaning of the operator. That means redefine + operator to subtract one value 
from another. 

e Overloaded operators follow the syntax rules of original operators. 
We cannot use friend function to overload certain operators. However, member functions can be used to 
overload them. 


Operator Name 

= Assignment operator 

0 function call operator + 

[O Subscripting operator 

=> Class member access operator 

There are some operators that cannot be overload + 
Operator Name 

Sizeof() Size of operator 


membership operator 
cE Pointer to member operator $ 
Scope resolution operator 


? Question mark operator 


2 Conditional operat 


e Unary operator overloaded by member function take no aggume d return no value, unary operator 


overloaded by friend function take argument that is by {feren 
e Binary operator overloaded using member function tak@@ne argument and using friend function take two 
icitly return a value. 


arguments. 
e Binary arithmetic operators such as +, -, *, 


Runtime Polymorphism 


It is also known as late binding. In this type g 
then matches the call with the right functio 
is invoked at the run time instead of compi 
dynamic binding or late binding. In i 
determines the type of object at r 


-Run time polymorphism is achieved when the object's method 
is achieved by method overriding which is also known as 


Function Overriding 

If derived class defines s as defined in its base class, it is known as function overriding in C++. 
Example 

#include <ios 

class base 


{ 
publi 


cout<<"base..."; 


} 


class derived: public base 


{ 
public: 
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void show() 


{ 


} 


j} 


cout<<"derived..."; 


int main() 

{ + 
derived d; XN 
base *bptr; + 
bptr = &d; 
d.show(); 


} 


bptr->show(Q); 


return 0; 


Output: base 


Virtual function 


Unit 3.5 Concepts of virtual function and pure virtual fun 


declared using the virtual keyword. 
It is used to tell the compiler to perfor 


There is a necessity to use the single p Prefer to all the objects of the different classes. So, we 


create the pointer to the base c efers to all the derived objects. But, when base class pointer 


contains the address of the object, always executes the base class function. This issue can 


only be resolved by usi al’ function. 


A 'virtual' is a keywo ing the normal declaration of a function. 


When the fungfio adé virtual, C++ determines which function is to be invoked at the runtime 
based on p object pointed by the base class pointer 
Rules of Vi ctio 


ħctions must be members of some class. 
al functions cannot be static members. 
ey are accessed through object pointers. 
They can be a friend of another class. 


A virtual function must be defined in the base class, even though it is not used. 
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o The prototypes of a virtual function of the base class and all the derived classes must be identical. If 
the two functions with the same name but different prototypes, C++ will consider them as the 


overloaded functions. 
o We cannot have a virtual constructor, but we can have a virtual destructor 


o Consider the situation when we don't use the virtual keyword. 


#include <iostream> 

class base XN 
{ & 
public: 


void show() 


{ 
l cout<<"base..."; N + 


class derived: public base 


{ 

public: 

void show() 

{ 
cout<<"derived..."; 

} 

}; 

int main() 

{ 
derived d; 
base *bptr; 
bptr = &d; 
bptr->sho 
return 

} 

Output: b 


the base pointer to access the members of the derived class. 


#include <iostream> 


class base 


Unit 3: Polymorphism 


{ 
public: 
virtual void show() 


{ 


cout<<"base..."; 


} 


class derived: public base 
{ XN 


public: + 
void show() 


{ 


cout<<"derived..."; 
} 
+ 
r Q 


int main() 

{ 
derived d; 
base *bptr; 
bptr = &d; 
bptr->show(); 
return 0; 

} 

Output: derived 


Pure Virtual Function 


o A virtual functions: sed for performing any task. It only serves as a placeholder. 


9 definition, such function is known as "do-nothing" function. 


The’main objective of the base class is to provide the traits to the derived classes and to create the base 


ointer used for achieving the runtime polymorphism. 


#include <iostream> 
class base 


{ 
public: 
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virtual void show() =0; 
} 
class derived: public base 
{ 
public: 
void show() 
{ 
cout<<"derived..."; 
} 
j}; 
int main() 
{ 
derived d; 
base *bptr; 
bptr = &d; 
bptr->show(); 
return 0; 
} 
Output: derived 


In the above example, the base class contains thg 
base class. We cannot create the object of the 


Difference between compile time and r 


> 


A 


function. Therefore, the base class is an abstract 


Compile time Polymorphism 


Run time Polymorphism 


The function to be invoked i 


The function to be invoked is known at run time 


It is also known as overlo 
static binding. 


It is also known as overriding, late binding and 
dynamic binding. 


olymorphism where 
ing the same name but 
parameter or type of 


Overloading is compile 
more than gne od 
with differ u 


Overriding is run time polymorphism where more 
than one method is having the same prototype. 


tion overloading and operating 


It is achieved by function overriding and virtual 
function, 


It provides slow execution as it is known at run time. 


It is more flexible as mainly all things are executed 
at run time. 


Difference between overloading and overriding 


Method Overloading 


Method Overriding 


It is used to increase readability of the program. 


it is used to provide specific implementation of the 
method that is already provided by its super class. 
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It is performed within the class. It occurs in two classes that have inheritance. 
In case of overloading parameter must be different. | In case of overriding parameter must be same. 
It is the example of compile time polymorphism. It is the example of run time polymorphism. 
It may or may not requires inheritance. It always requires inheritance. 
‘N 
+ 


A 


Ss 


